Being at the right place and time is as fundamental to biology as it is to academic careers. In this issue, Moravcevic and colleagues (2010) survey membrane-interacting proteins in yeast and discover a new membrane-targeting module, the kinase associated-1 domain KA1, which ensures that proteins are active at the correct place and time.
Proteins and their associated activities must be tightly regulated in cells, both spatially and temporally. Binding interactions are a common mechanism for localizing proteins to their target sites, usually through protein-protein or protein-lipid interactions. Despite the absolute importance of protein-lipid contacts, the molecular basis of these regulatory interactions remains largely obscure, as underscored by a study that used yeast proteome chips to identify over 100 membrane-binding proteins, none of which contained a known lipid-interacting domain (Zhu et al., 2001) . In this issue of Cell, Moravcevic and colleagues analyze these membranebinding proteins and identify a new membrane-interacting domain in septinassociated kinases. They demonstrate that this domain cooperates with proteinprotein interactions to target septin-associated kinases to their site of action in yeast. Unexpectedly, structural analysis of the domain shows a kinase associated-1 (KA1) fold, which is also present in MARK/PAR1 kinases (microtubule-associated protein affinity-regulating/partitioning-defective 1 kinases). However, the role of KA1 domains in direct membrane targeting was not fully appreciated until now.
Lipid-binding modules target proteins and their associated activities to membranes. To date, more than a dozen membrane-interacting domains have been identified, and several common themes for lipid interactions are becoming apparent (Lemmon, 2008) . In general, membrane-binding domains can either recognize specific structural features of headgroups on lipids, as illustrated by the binding of FYVE, PH, and PX domains to phosphoinositides, or recognize more general physical properties of the membrane, such as its charge and/or shape, as is the case for annexins and BAR and C2 domains (Lemmon, 2008) . These stereospecific and electrostatic interactions frequently cooperate with hydrophobic penetration into the membrane to stabilize binding by a single domain. Nevertheless, the presence of other protein-or lipid-binding elements in multidomain proteins can further modulate targeting, and this cooperativity is often required for proper membrane localization of a protein.
To identify new membrane-binding motifs, Moravcevic and colleagues examine 62 of the 128 proteins that were previously shown to bind phosphoinositides in yeast (Zhu et al., 2001) . Using both cellular and in vitro assays, they find that 21 of these proteins bind membranes. For five of these proteins, truncation mutants pinpoint a specific region in the protein involved in membrane targeting, suggesting the presence of new membrane-binding modules. The authors focus on one of these proteins, the septin-associated kinase Kcc4p.
Septin-associated kinases are required for bud formation in the dividing yeast cell. The kinases localize to the bud neck where they regulate the degradation of the mitotic inhibitor Swe1 (Saccharomyces Wee1), thereby allowing the cells to proceed through mitosis (Lew, 2003) . Aside from a protein kinase domain, no other domain was apparent in these proteins. Moravcevic et al. now show that septin-associated kinases have a C-terminal membrane-binding domain and that membrane binding is required for localization to the bud neck.
Unlike well-characterized membranebinding domains that rely on stereospecific interactions, the membrane-binding domains of septin-associated kinases appear to recognize a broad range of anionic phospholipids; they interact in vitro with phosphoinositides, phosphatidic acid, and phosphatidylserine. However, given the abundance of phosphatidylserine in the cytoplasmic membrane, this phospholipid is the likely target for this new membrane-binding domain in cells. Indeed, Moravcevic and colleagues elegantly demonstrate that, in a mutant yeast strain unable to produce phosphatidylserine, the septin-associated kinase fails to localize to the bud neck.
To further understand the mechanism of membrane binding by Kcc4p, the authors solve the structure of the Kcc4p membrane-binding domain by X-ray crystallography. Surprisingly, this domain adopts a KA1 fold (Figure 1) . KA1 domains have 100 residues and consist of two helices packed on one side of a five-stranded antiparallel b sheet. They were first described as the C-terminal domains of MARK/PAR1 kinases, which are related to the AMP-activated protein kinase (AMPK) family of Ser/Thr protein kinases. MARK/PAR1 kinases play diverse cellular roles and have been implicated in cancer and Alzheimer's disease (Marx et al., 2010) . Until now, the precise role of KA1 domains was unclear, although it was proposed that this domain might play an autoinhibitory role in regulating kinase activity through intramolecular interactions (Marx et al., 2010) .
Moravcevic and colleagues have now re-examined the role of the KA1 domain in several human AMPK proteins. In all cases, they show that the KA1 domain binds anionic phospholipids in vitro and mediates membrane localization in cells, establishing the KA1 domain as a bona fide conserved membrane-binding module. The authors have also determined the crystal structure of the MARK1 KA1 domain. A structural comparison, however, highlights several differences between the KA1 domains of Kcc4p and AMPK proteins (Figure 1) . The Kcc4p KA1 domain has two anionic binding sites on the surface, separated by a hydrophobic loop that penetrates into the membrane. This combination of two membrane-recognizing properties in a single domain (i.e., hydrophobic penetration and electrostatic interaction) is a feature of many membrane-interacting domains such as some C2, PX, PH, and FYVE domains (Lemmon, 2008) . Interestingly, in the MARK1 KA1 domain, only one of the two positively charged anionic binding sites is conserved, and there is no hydrophobic loop (Tochio et al., 2006) . Instead, a single patch of positively charged residues extends down along one side of the molecule, suggesting different membrane-binding orientations for the KA1 domains of Kcc4p and MARK1 (Figure 1 ). Future studies are needed to determine whether these differences in orientation have functional consequences or whether the two types of domains are functionally interchangeable.
The diversity of KA1 domains may reflect the different roles that they play in their respective proteins. In Kcc4p, the KA1 domain alone is insufficient for proper localization, and it is only in the context of an intact Kcc4p protein that membrane and septin interactions cooperate to target Kcc4p activity to the bud neck. This type of cooperation in which two input signals (e.g., membrane and septin binding) are simultaneously required for output (e.g., kinase activity at the bud neck) is called ''coincidence detection. '' In contrast, the KA1 domain of the MARK kinases does not appear to work as a coincidence detector. For several MARK isoforms, Gö ransson et al. demonstrated that the cellular localization depends on binding to 14-3-3 proteins (Gö ransson et al., 2006) . These adaptor proteins modulate the activity of their target proteins by binding to phosphorylated serine or threonine residues. In the case of MARK kinases, association with a 14-3-3 protein sequesters the kinases to the cytoplasm. Disassociation then results in relocalization of the kinase to the plasma membrane, which depends on its KA1 domain. The data presented by Moravcevic and colleagues now The yeast septin-associated kinases, including Kccp4, contain a membrane-interacting domain that recognizes negatively charged phospholipids, such as phosphatidylserine (Moravcevic et al., 2010) . (A) Structural analysis of this domain shows that it is a kinase associated-1 (KA1) domain, which is also found in MARK/PAR1 kinases (microtubule-associated protein affinity-regulating/partitioning-defective 1 kinases). Unlike Kccp4, MARK/PAR1 kinases also possess a ubiquitin-associated (UBA) domain. (B) Residues involved in membrane binding are labeled and depicted as ball and stick, as is the hydrophobic loop that is proposed to insert into the membrane.
show that this membrane relocalization is due to the binding of the KA1 domain to phosphatidylserine. Although it is still unclear how the 14-3-3 protein prevents membrane binding, taken together the data suggest that for MARK kinases, the 14-3-3 protein functions as part of a switch that regulates the shuttling of MARK kinases between a membranebound and a cytoplasmic state. Future studies are needed to determine the functional relevance of this relocalization and whether it targets the kinase to specific substrates at the plasma membrane. Like 3-phosphoinositidedependent kinase (PDK1) (Komander et al., 2004) , the MARK kinases may have roles both at the membrane and in the cytosol.
In summary, the KA1 domain joins the growing list of membrane-targeting domains with broad specificity for anionic phospholipids and the growing list of coincidence detectors involved in lipid recognition. The fact that this module now turns out to be present in several membrane-interacting proteins that were previously overlooked in a large screen for lipid interactors (Zhu et al., 2001) suggests the exciting possibility that many unidentified membrane-interacting domains await discovery.
Understanding how signaling pathways are interconnected is vital for characterizing mechanisms of normal development and disease pathogenesis. In this issue, Van Wageningen et al. (2010) examine phosphorylation networks in Sacharromyces cerevisiae with genome-wide expression profiling to identify recurring themes in signaling redundancy.
Reversible posttranslational modifications, such as phosphorylation, provide practical mechanisms to transmit information from the extracellular milieu to regulatory centers inside of the cell. Phosphorylation pathways, comprised of kinases, phosphatases, and their substrates, are frequently studied as linear entities in isolation from their surrounding cellular context (Chen and Thorner, 2007; Fiedler et al., 2009) . Although this simplistic treatment has identified thousands of kinase and phosphatase substrates, many of which display tissue specificity (Old et al., 2009), regulatory modifications are more realistically viewed as a network in which individual signaling cascades are interconnected by common substrates and interdependent regulation. Indeed, understanding the biological significance of a regulated event in the life of a multicellular organism, such as a response to inflammation, or the etiology of a complex human disease, such as cancer, demands detailed knowledge of network properties of signaling cascades. In this issue of Cell, van Wageningen and colleagues use global gene expression analysis to characterize the network properties of kinase pathways in the budding yeast Saccharomyces cerevisiae and, in the process, uncover a recurrent regulatory motif that links phosphorylation pathways together to ensure robust responses.
Two genes ''interact'' when disrupting both genes simultaneously increases or decreases the growth of the organism compared to that predicted for the combination of the single mutants ( Figure 1A ) (Dixon et al., 2009 ). Such interactions illuminate features of a signaling network, including redundancies. Redundancy occurs when the functions of two components in a pathway overlap significantly
